To further characterize phocid herpesvirus type 1 (PhHV-1) at the molecular level, a cluster of genes comprising the complete unique short (Us) region of PhHV-1 has been cloned and sequenced. Within this region, ORFs were detected that code for the equivalent of the Us 22 protein of herpes simplex virus (HSV), a putative protein kinase, and for the glycoprotein equivalents gG, gD, gI and gE. In addition, two small ORFs downstream of gE, homologous to the Us 8?5 and Us 9 proteins of HSV were identified. Comparative analysis of the ORF encoding the gD equivalent of PhHV-1 identified the corresponding proteins of the alphaherpesviruses canine herpesvirus and, to lesser degree, feline herpesvirus as the closest relatives.
Two distinct species of phocine herpesviruses, an alphaherpesvirus and a gammaherpesvirus, have been described in pinniped species (Osterhaus et al., 1985; Harder et al., 1996) . Natural infections with the alphaherpesvirus known as phocid herpesvirus type 1 (PhHV-1) are a major cause of morbidity in seal rehabilitation centres and are held responsible for a wide spectrum of clinical signs. These range from mild respiratory signs in adults to severe generalized and often fatal disease in seal pups and neonates (Osterhaus et al., 1985; Borst et al., 1986; Gulland et al., 1997; . Reminiscent of alphaherpesvirusinduced disease in other mammals, host-mediated factors such as age and immune status also influence significantly the severity of PhHV-1-related disease in seals (Osterhaus, 1988; Have et al., 1991; Martina et al., 2002) . Serological surveys indicated a widespread occurrence of infections with PhHV-1 or other closely related alphaherpesviruses in free-ranging seal populations of the North Sea, as well as of Antarctic and Northern Pacific waters (Have et al., 1991; Harder et al., 1991; Zarnke et al., 1997) . Phylogenetic investigations of PhHV-1 have focussed on the conserved gB, the DNA polymerase equivalent, and fragments of the less conserved gD (Harder et al., 1996; King et al., 1998) . These studies identified the canine and feline herpesviruses (CHV and FHV, respectively) as the closest relatives of PhHV-1. To further characterize PhHV-1 at the molecular level, we have cloned and sequenced a cluster of genes comprising the complete unique short (Us) region of PhHV-1.
The PhHV-1 isolate PB84, obtained from a fatally diseased European harbour seal (Osterhaus et al., 1985) , was grown in Crandell Rees feline kidney cells (CrFK). Viral DNA was prepared from purified virions as described (Harder et al., 1996) .
A BamHI restriction fragment library of PhHV-1 PB84 DNA was established in the phagemid pBluescript SK+ (Stratagene). A 290 bp PCR fragment, generated from the PhHV-1 gD equivalent gene as described (Harder et al., 1996) , was used as a probe in non-radioactive Southern blotting (ECL, Amersham) and was found to hybridize to a 9?6 kb fragment, which was sequenced to completion using nested sets of unidirectional deletion mutants and sequence-specific sequencing primers. Assembly and further analyses of the sequences, including phylogenetic studies, were achieved using the Husar clone of GCG (German Cancer Research Institute), including the PSORT II software (http://psort.ims. u-tokyo.ac.jp). The sequence of the 9?6 kb BamHI fragment has been assigned GenBank accession no. AJ290955. order and orientation of each of the ORFs is depicted in Fig. 1 . Numbering is according to the nomenclature used for herpes simplex virus type 1 (HSV-1). Inverted repeat (IR) regions of 449 bp were identified at the termini of the 9?6 kb fragment flanking the Us stretch of 8680 nt. The G+C content of the Us segment excluding the repeat elements amounts to 28 %, while the IR and direct repeat (DR) regions hold 56?5 and 44 % G+C, respectively. ORFs within the PhHV-1 Us extended into the IR elements at both sides. The central part of the Us segment is governed by 24 DRs of the sequence ATggTgTTTCATggggCgTTggg, interspersed between the ORFs encoding gG and gD. Table 1 presents details of the ORFs and predicted properties of the deduced proteins. Most of the ORFs revealed collinearity and a degree of sequence conservation when compared to their homologues in other alphaherpesviruses. Putative ORFs of 196-208 aa spanning the DR region in each reading frame apparently were unique to PhHV-1 (Fig. 1, open boxes) . The deduced amino acid sequences of each of these ORFs consisted mainly of glycine-rich repeats to which no homologues were found in any of the databases screened. The repetitive sequence -MVFHGALGWCFMG RWDGVSWGVG -was conserved in all three reading frames and was perfectly repeated up to eight times. The vastly prevailing usage of rare codons in the DR ORFs (data not shown), however, suggests a low possibility for their actual expression.
To test this, CrFK cells (5610 6 ) were infected with PhHV-1 Fig. 1 . Gene order within a 9?6 kb BamHI fragment of PhHV-1 isolate PB84 comprising the complete Us region. B, BamHI; IR, part of inverted repeat elements (449 bp each); DR, direct repeats (n=24). ORFs are depicted in their approximate size and orientation. Shaded boxes represent ORFs with homologues in other varicelloviruses, whereas open boxes indicate lack of homology with other alphaherpesviruses. Vertical rectangles within ORFs indicate putative signal peptides (white) and membrane-spanning regions (black), respectively, whereas vertical arrows labelled 'A' mark consensus poly(A) sites. -39). Hybridization procedures were conducted as described (Fouchier et al., 2000) .
A negative PCR and hybridization using gD primers and probe, respectively, confirmed that residual contaminant viral DNA was not present in the RNA samples (data not shown). No DR transcripts were detected in infected cell cultures (Fig. 2) . The DR probe was shown to recognize PhHV-1 DNA at the conditions described (data not shown). The ORFs encoding gG and gD were used as positive control for detection of transcription. In both PhHV-1-and FHVinfected cultures, gG and gD transcripts were detected around 16-20 h p.i. (Fig. 2) .
The deduced sequence of the PhHV-1 gD equivalent (350 aa) was used for extensive homology searches. Homologous sequences, as retrieved from the GenBank and SWISS-PROT databases, were aligned using PILEUP (GCG) and their phylogenetic relationships were examined by maximum-likelihood analysis (PUZZLE, Husar clone of GCG; Strimmer & von Haeseler, 1997) , using the JTT substitution model and assuming a uniform rate heterogeneity. The gD proteins encoded by CHV and, to a lesser extent, FHV turned out to be the closest relatives of PhHV-1 gD (Fig. 3) . Between the gD equivalent proteins of CHV and PhHV-1, 68?1 % amino acid identity (76?0 % homology) was detected. This included all of six cysteine residues and four potential N-linked glycosylation sites in PhHV-1 gD. A fifth site present in the extracytoplasmic domain of CHV gD was missing from the PhHV-1 gD sequence. There was significant less homology to FHV gD (62?2 % homology and 52?0 % identity, respectively).
We have identified, cloned and sequenced the gene cluster comprising the complete Us region of the pinniped alphaherpesvirus PhHV-1. Within this region, ORFs were detected that code for the equivalent of the Us 22 protein of HSV, a putative protein kinase, and for the glycoprotein equivalents gG, gD, gI and gE. In addition, two small ORFs downstream of gE, homologous to Us 8?5 and Us 9 of HSV, were identified.
Alphaherpesviruses of terrestrial carnivores and PhHV-1 share significant homology at the antigenic and immunogenic levels (Osterhaus et al., 1985; Lebich et al., 1994; Harder et al., 1996 Harder et al., , 1998 . Using the deduced amino acid sequences of the gB equivalents in phylogenetic analysis, CHV and FHV were identified previously as the closest relatives of PhHV-1 . Similar phylogenetic relationships were now obtained using gD. The particularly close relationship between PhHV-1, CHV and FHV is emphasized also by the genetic organization of the
Virus Probe
PhHv -1 Us segment. This bears a remarkable resemblance between these viruses, with the exception, however, of the central DR elements detected between the ORFs of gG and gD in the PhHV-1 sequence and at the same location in the Us region of FHV, but not of CHV (Willemse et al., 1995; Haanes & Tomlinson, 1998) . The repeated sequence stretches of FHV and PhHV-1 show some homology above background (about 46 % nucleotide identity in 150 bp).
No DR transcripts were detected using a biotin-labelled probe. However, it cannot be excluded that low level transcripts were not detected by the non-radioactive Southern blot system used in our study.
